Phycomyces blakesleeanus contains 26-28 g free lipids per 100 g dry mat.
The lipid material is composed of phospholipids, sterols (mainly ergosterol), diglycerides, triglycerides, waxes, free fatty acids, and carotenes.
It was possible to identify the presence of phosphatidylserine, sphingomyelin, phosphatidylcholine, phosphatidylethanolamine, phosphatidic acid, and cardiolipin in the phospholipid fraction.
The fatty acid composition of free lipids was determined by gas-liquid chromatography. Trace amounts of C17 fatty acids were detected.
Small amount of arachidonic acid was identified.
Oleic, linoleic, linolenic, stearic, and palmitic were the major fatty acids present in the free lipids of P. blakesleeanus.
Phycomyces has been of interest to biologists and biochemists for more than a century in various connections.
In view of the investigation on lipid content in the animals and plants, it is of interest to investigate the different types of lipid materials present in fungi. Unlike seed oils, comparatively few fungal fats have been analyzed. BERNHARD and ALBRECHT (1) reported that glycerides, phospholipids, and ergosterol are the principal constituents of Phycomyces blakesleeanus lipids. STOFFEL and WIESE (Z) studied the biosynthesis of r-linolenic acid in P. blakesleeanus, starting from labeled stearic, oleic, and linoleic acids and found that the unsaturated C18 acids are synthesized by introduction of cis-olefinic double bounds into the preformed saturated carbon chain. Moreover, they recognized the presence of lecithin and cephalin in the phospholipid fractions and found that palmitic, stearic, oleic, linoleic, and r-linolenic were the major fatty acids of the total lipids.
In this study, the fungus was grown on a completely synthetic medium to avoid possible incorporation of ready-synthesized fatty acids into the lipids. In this case, the occurrence of a particular fatty acid in the organism is taken as genetic ability to synthesize that acid. Vol. 16
MATERIALS AND METHODS

General cultural conditions.
Phycomyces blakesleeanus (ATCC 6200) was maintained on Sabouraud agar slants. The preparation of spore suspension and the culture medium were conducted according to EISENBERG (3). Culturing was carried out in 2-L Fernbach flasks containing 250 ml of the inoculated culture medium.
The flasks were placed on a shaker at about 70 strokes/min at 30°.
At the end of the incubation period (6 days) the culture medium was filtered through a sintered glass funnel.
The mycelial mat was washed twice with distilled water and filtered again. A known weight of the mycelial mat was taken for lipid analysis.
The dry weight was calculated after drying a known weight of the fresh mycelium to a constant weight at 70°.
Extraction of lipids. Lipids were extracted according to the method of KATES et al. (4) with a modification.
The washed mycelial mat was suspended in distilled water.
One volume of the suspension was homogenized with 3 volumes of chloroform-methanol (2:1). One volume of chloroform was then added, and the mixture was stirred for 2 hr at room temperature ; 1.25 volume of each of chloroform and water were added and the mixture was left over night in a refrigerator.
The chloroform phase was removed. One volume of chloroform was added to the aqueous phase and the mixture was stirred again for 1 hr.
This was repeated twice to ensure complete extraction of lipids. The combined chloroform extract was washed with 0.2 of its volume of 0.2 M NaCI according to FOLCH et al. (5) . The chloroform layer was evaporated under reduced pressure at low temperature (35°). The flask containing the extracted lipid was desiccated over P205 to a constant weight.
The weight of lipid in the extracted mat was then calculated and raised to a known volume by chloroform.
Samples of these solutions were taken for various analysis.
Fractionation, identification, and quantitative determination of lipids. A weight of 40-60 mg lipid in chloroform as well as standard lipid materials, was applied to an alkaline silica gel G plates and developed with two successive solvents according to KOMAREK et al. (6) . The first solvent was ether and the second was hexane-ether (9: 1). The development of the plates in this way resulted in a very distinct bands of different lipids.
The phospholipid, whose bands did not migrate from the origin, were collected from the plates by scraping the silica gel and rinsing the plates with chloroformmethanol (2:1). After removal of the phospholipid bands the plates were exposed to iodine vapor for 1 min. The lipid content in various bands were collected and weighed according to KOMAREK et al. (6) . The free fatty acids were estimated by titrating an alcoholic solution of a known amount of lipid extract against a standard KOH (using phenolphthalein as indicator). The percentage of free fatty acids was expressed as oleic acid.
In some cases the plates were sprayed with Rhodamine 6G and viewed under ultraviolet ray for the detection and comparison of different lipid materials.
Fractionation and identification of phospholipids. The lipid extract in chloroform or the phospholipid fractions eluted from the chromatoplates and some standard materials were spotted on silica gel G plates. The chromatoplates were developed with chloroform-methanol-water (65 : 25 : 4). The plates were dried and the phospholipids were detected and identified in the following manner :
(a) Exposure of the plates to iodine vapor (MANGOLD, 7), (b) The plates were sprayed with ammonium molybdate reagent (3 g ammonium molybdate in 25 ml water, then 30 ml N ICI and 15 ml 60% perchloric acid were added). The plates were dried at 105° for 20 min when the phospholipids appoared as blue black spots on a gray background (WALDI, 8) .
(c) For the detection of sphingolipids, the plates were sprayed with hypochlorous acid solution (5.25%) and dried in air, then sprayed again with 1 % benzidine in aqueous ethanol (BISCIIEL and AUSTIN, 9). Sphingolipids gave blue spots.
(d) Dragendorff's reagent for the detection of choline-containing lipids (WAGNER et al., 10) .
(e) Phosphomolybdic blue stain of LEvIN and CLARGAFF (11) for detecting choline-containing phospholipids on paper chromatograms has been adopted here for thin-layer plates.
The difficulty of washing the plates has been circumvented by spraying the plates twice with 50% collodion in acetone using a sprayer with a wide nozzle. The plates were then immersed in water and the silica gel films removed using razor blades. These films were stained as the paper chromatograms.
The choline-containing phospholipids were stained in blue.
(f) For the detection of amino group-containing lipids, the plates were sprayed with 0.2% ninhydrin in ethanol and then heated at 105° for a few minutes.
The amino group-containing phospholipids were stained in red dish violet.
(g) For the detection of glycolipids, the plates were sprayed with diphenylamine reagent (20 ml 10% alcoholic diphenylamine+l0 ml concentrated HC1+80 ml acetic acid), placed in HC1-acetic acid atmosphere for 30 min, and dried at 105°. Glycolipids should give blue grey spots on a pole grey background (WALDI, 8) .
(h) For the detection of lyso compounds, the silica gel films (prepared as in e) were dipped for 5 min in 0.05% Malachite Green and then washed in running water.
After drying in air, lyso compounds should give white spots on a light-green background (WALDI, 8) .
Preparation and identification of methyl esters of fatty acids. A known amount of lipid extract was esterified according to the method of MACLEOD et al. (12) . The resulting methyl esters were purified by the method of LUDDY et al. (13) . The purified methyl esters were separated and identified
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by gas-liquid chromatography Model 1609, dual-flame ionization gas chromatograph (F & M Scientific Co.). A column (8' x 1/8") packed with 10% poly (ethyleneglycol adipate) supported on Chromosorb W was used for fractionation of the esters. The column was maintained at 175° and nitrogen was used as a carrier gas.
Quantity of the esters was determined by measuring the area of the peaks on the charts with an integrator built into the recorder.
The esters were identified by comparing with the retension time of standard fatty acid methyl esters.
Determination of carotenes. Carotenes were determined by spectrophotometry according to DAVIES (14) .
RESULTS AND DISCUSSION
Lipids of Phycomyces
Under these cultural conditions, Phycomyces blakesleeanus can synthesize 26-28 g lipids per 100 g dry mycelial mat. This amount of lipids is higher than that obtained by BERNHARD and ALBRECHT (1) which was 20 g%. This variation in the amount of total lipid may be due to the difference in the cultural conditions. This result indicates that Phycomyces synthesize a large amount of lipid which is worth studying.
These lipid materials can be seen as globules of oils in the mycelia and sporangiophores when the organism was examined under a high power microscope.
The lipid extracts were fractionated on alkaline silica gel plates and then they were sprayed with Rhodamine 6G or exposed to iodine vapor. Under these conditions, it was possible to identify different lipid groups (Fig. 1) , in addition to i3-carotene as the main carotenoid pigment in P. blakesleeanus (GOODWIN, 15) . Carotenes migrated with the solvent front followed by waxes, triglycerides, diglycerides, sterols, and phospholipid fraction which did not migrate from the start.
It was found that sterols of P, blakesleeanus are mainly ergosterol, as found on comparing with standard ergosterol (using different solvent systems on silica gel plates) and from the UV spectrum of a purified sample. This had been previously mentioned by GOULSTON et al. (16) and by BERNHARD and ALBRECHT (1) . The results of the quantitative determination of these fractions are tabulated in Table 1 . From Table 1 , it appears that glycerides constitute more than 50% of the lipid material of P. blakesleeanus.
Phospholipid constitutes 10%, free fatty acid 15%, ergosterol 8%, waxes 3.4%, and p-carotene 0.2% of the total lipid content.
However, it is clear that glycerides, free fatty acids, phospholipids, and ergosterol are the main constituents of lipid material of P. blakesleeanus.
Phospholipids of Phycomyces
It was possible to identify seven different phospholipids in the lipid extract The plate was developed with chloroform-methanol-water (65 : 25 : 4) and sprayed with ammonium molybdate reagent.
From left to right: Standard lecithin, lipid extract, and standard cephalin. (Fig. 2) . Individual phospholipid compounds were identified on the basis of specific color reaction and its Rf value with standard lipid materials ( Table 2) . Spot of Rf 0.13 : phosphatidylserine. This spot reacted with ammonium molybdate and ninhydrin reagents.
Acid hydrolysis of this spot and chromatoplating of the product on silica gel G (using chloroform-methanol-17% NH4OH, 2: 2:1, and spraying with ninhydrin reagent) gave a spot corresponding to a standard serine.
Spot of Rf 0.22: sphingomyelin. This gave positive reaction with ammonium molybdate, benzidine, Dragendorff, and phosphomolybdic reagents.
Spot of Rf 0.33: phosphatidylcholine. It reacted with ammonium molybdate, Dragendorff, and phosphatidic blue reagents.
It gave a spot corresponding to standard synthetic lecithin.
Spot of Rf 0.54: phosphatidylethanolamine (cephalin). It gave a spot corresponding to standard cephalin.
It reacted with ammonium molybdate and ninhydrin reagents.
Spot of Rf 0.63: unidentified phospholipid. It gave positive reaction with ammonium molybdate reagent.
Spot of Rf 0.76: phosphatidic acid. It reacted with ammonium molybdate and it gave the same Rf of phosphatidic acid in different solvents.
Spot of Rf 0.93: cardiolipin. It reacted with ammonium molybdate reagent and gave the same R f value as cardiolipin.
In some cases, this spot was a mixture of cardiolipin and neutral lipids, when the total lipid extract was examined without previous gel fractionation.
To my knowledge, this report is the first to demonstrate the presence of phosphatidylserine, sphingomyelin, phosphatidic acid, and cardiolipin in P. blakesleeanus.
The presence of lecithin and cephalin was previously mentioned by STOFFEL and WIESE (2) . However, cardiolipin and phosphatidylethanolamine are commonly found in the pattern of phospholipids of Actinomycetales (KIMURA et al., 17) . KATAOKA and NoJIMA (18) found that phospholipids of Streptomyces griseus and Microbispora, as well as those of Mycobacterium, consist of cardiolipin, cephalin, and phosphatidylinositolmannoside but not lecithin.
IKAWA (19) observed that lecithin was present in bacteria requiring highly efficient electron transport, and he added that lecithin-containing bacteria might be the more advanced form in the evolution.
Fatty acid composition of extractable lipids
Gas-liquid chromatographic analysis of methyl esters of fatty acid component of lipid extracts revealed the presence of at least twelve fatty acid (Table 3) .
It is clear from Table 3 , that stearic, oleic, linoleic, linolenic, and palmitic are the major components of the fatty acid moiety of the lipids in P. blakesleeanus. Arachidonic acid was detected under these conditions but in small amounts.
Trace of C17:0 (odd-chain fatty acid) was detected when large amounts of the methyl ester of fatty acids were injected into the column.
There is no striking difference between our results and those of SHAW (20) except that a trace of odd-numbered chain fatty acid (C17:0) and arachidonic acid were detected in the strain of Phycomyces studied here.
SHAW (20) found that y-linolenic acid is present in the fat of Phycomyces but not a-linolenic acid. He added that the most fundamental biochemical difference between Phycomycetes and other fungi is the presence of r-linolenic acid and absence of a-linolenic acid, and concluded that the evolutionary pathway leading to Phycomycetes was quite different from the higher fungi. In addition, ERWIN and BLOCH (21) reported that r-linolenic and arachidonic acids are characteristic of subjects of the animal kingdom. Therefore, the presence of both arachidonic and r-linolenic acids and other C18 fatty acids in the lipid of Phycomyces may throw light on the classification and the possible ancestry of this fungus, especially when it is generally assumed that fungi were evolved from algae-like forms. 
